Background--The prognostic impact of b-blockers (BB) in acute coronary syndrome (ACS) patients without heart failure (HF) or left ventricular dysfunction is controversial, especially in the postreperfusion era. We sought to determine whether a BB therapy before admission for ACS has a favorable in-hospital outcome in patients without HF, and whether they also reduce 12-month mortality if still prescribed on discharge.
b
-Blockers (BB) have drastically improved the long-term prognosis of patients with heart failure (HF) for the past 2 decades, 1 which resulted in their classification as a first-line therapy in patients with HF and reduced ejection fraction by European and American cardiac societies. 2, 3 However, their protective role in patients with acute coronary syndrome (ACS) is less clear. While robust data from randomized placebo-controlled trials and meta-analysis support their efficacy on the short-term post-ACS, 4 controversies exist to their long-term beneficial effect in patients without HF or left ventricular (LV) dysfunction. Most of the studies that reported a decrease in long-term mortality following the administration of BB post-ACS were done in the era before reperfusion therapy, and other treatments such as statins, new anti-platelets, and angiotensin-converting enzyme inhibitors/angiotensin receptor blockers were not prescribed. In a systematic review of 31 of those trials published in the 1980s, BB decreased long-term mortality by 23% during the mean follow-up of 1.3 years. 5 However, those findings were challenged by recent studies performed in the postreperfusion era. A recent meta-analysis confirmed the superiority of BB over placebo in the old prereperfusion therapy era, but failed to demonstrate any long-term reduction of mortality in the reperfusion era. 6 However, in most of those studies, patients were randomized to BB irrespective of their LV function. Moreover, it is not known whether a previous b-blockade therapy in patients presenting with ACS is beneficial. The aim of this article is to report on the association between BB on admission for ACS and in-hospital cardiovascular outcome, as well as 1-year mortality in relation to BB on discharge, in patients without HF or LV dysfunction. Here, we demonstrated that a BB therapy before admission for ACS is associated with better in-hospital outcome and decreased 1-year mortality in patients without HF, included in a large prospective Middle Eastern cohort that was conducted in the postreperfusion period.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Group
The Gulf RACE-2 (Gulf Registry of Acute Coronary Events-2) was a prospective multicenter study of ACS patients recruited for 9 months (October 2008 to June 2009), from 6 Arab Gulf countries: Bahrain, Kingdom of Saudi Arabia, Qatar, Oman, United Arab Emirates, and Yemen, aiming at describing clinical characteristics and cardiovascular outcome of ACS. Details of patients' recruitment, study design, and methods have been previously published. 7, 8 Briefly, we collected data, as per the case report form, of consecutive patients hospitalized for ACS in the 65 participating hospitals across the participating countries. The registry data were collected online using a dedicated website and included clinical characteristics, demographic distribution, past medical history, treatment plans, echocardiographic data, and in-hospital and long-term outcome. Patients were followed up at 90 days and at 1 year either by telephone or by a clinic visit. ACS included unstable angina, ST-elevation myocardial infarction (STEMI) and non-ST-elevation MI, and all cardiovascular outcomes were measured as defined by the American College of Cardiology/American Heart Association task force on clinical data standards guidelines for ACS. 9 All other clinical diagnoses, patient-related variables, and outcomes used standardized definitions. Each participating center's institutional review board approved the registry protocol. A written informed consent was obtained from all patients and the study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.
In this analysis, we first studied in-hospital cardiovascular outcome in patients without a history of HF and/or HF symptoms, who were admitted for ACS, in relation to BB on admission (study group 1). Furthermore, we assessed 1-year mortality in patients who were discharged alive from the hospital, without LV dysfunction, as defined by a left ventricular ejection fraction (LVEF) ≥40%, in relation to BB prescription on discharge (study group 2). The primary outcome in both study groups was mortality, and the secondary outcomes (only for study group 1) were recurrent ischemia, mitral regurgitation, acute HF, ventricular tachycardia and/or ventricular fibrillation (VF), and stroke/transient ischemic attacks (TIAs).
Statistical Analysis
Baseline categorical variables and outcome measures were summarized using frequency distributions, while means and SDs were used for continuous variables. Outcome measures and baseline characteristics of patients were compared between the 2 groups: BB and no BB using the v 2 test (or Fisher exact test when expected cell counts fell below 5) for categorical variables and the Student t test or Wilcoxon rank sum test for numeric variables. Multivariable logistic regression analysis was performed for in-hospital and 12-month mortality; and for each analysis, 2 models were done. The first
Clinical Perspective
What Is New?
• This study assessed the prognostic impact of b-blockers in patients without heart failure or left ventricular dysfunction.
• Previous b-blockade therapy on admission for acute coronary syndrome decreased in-hospital mortality, mitral regurgitation, heart failure, cardiogenic shock, and ventricular tachycardia/ventricular fibrillation in patients without heart failure.
• b-Blockers also decrease 12-month mortality in those patients if still prescribed at hospital discharge from acute coronary syndrome
What Are the Clinical Implications?
• Our study suggested that b-blockers before admission for acute coronary syndrome in patients without heart failure or left ventricular dysfunction decrease in-hospital and 12-month mortality.
• It might be reasonable to consider b-blockers in primary prevention for high-risk patients-such as those with hypertension and diabetes mellitus-in order to improve mortality when those patients develop acute coronary syndrome.
model included age, sex, and a history of ischemic heart disease only for in-hospital mortality. 
Results

Baseline Characteristics
Out of the total 7903 participants in the Gulf-RACE-2, 523 patients were excluded because of a history and/or presentation for HF; hence, 7407 patients were included in study group 1 (see flow chart, Figure 1 Of the 5937 patients, 4208 were discharged alive and had normal LV function or mild dysfunction as confirmed by an echocardiogram on discharge (study group 2), while 3199 patients had moderate or severe LV dysfunction, an unknown LV function or BB prescription on discharge, or died (n=313). As shown in Table 2 , the vast majority of patients with a LVEF ≥40% were discharged with BB (84.1%). Baseline characteristics of study group 2 were very similar to study group 1, since the proportion of males was also higher in the BB group; furthermore, the prevalence of dyslipidemia, hypertension, and diabetes mellitus was also higher. Patients on BB had more invasive interventions (thrombolysis, primary percutaneous coronary intervention, and coronary artery bypass grafts during hospital stay) than their non-BB counterparts. Among those who had a coronary angiogram (37.4% in the BB group and 20.65% in the non-BB group), more severe coronary artery disease was observed in the BB group. On discharge, more patients with BB were given prescriptions for aspirin, angiotensinconverting enzyme inhibitors and/or angiotensin receptor blockers, statins, and clopidogrel than the non-BB group. In both groups, normal LV function was present in up to 37% while a mild LV dysfunction (40%<LVEF<50%) was more pronounced. ACE indicates angiotensin-converting enzyme; ACS, acute coronary syndrome; ARBs, angiotensin receptor blockers; BB, b-blockers; BMI, body mass index; bpm, beats per minute; CKD, chronic kidney disease; DBP, diastolic blood pressure; GULF-RACE-2, Gulf-Registry of Acute Coronary Events-2; HF, heart failure; HR, heart rate; IHD, ischemic heart disease; NTSEMI, non-ST-elevation myocardial infarction; SBP, systolic blood pressure; STEMI, ST-elevation myocardial infarction; TIAs, transient ischemic attacks. 
In-Hospital Outcome
In-hospital outcome data were available in all patients of study group 1. There were 313 deaths and the cumulative mortality since admission was 4.2%. However, it was lower in patients on BB (OR 0.64, 95% CI, 0.48-0.85, P=0.002) ( (Figure 2A ).
Twelve-Month Outcome
At 12 months, survival data were available in all patients. There were 216 deaths and the cumulative mortality since hospital discharge was 5.13%. However, mortality was lower in the BB group than in patients discharged home without BB (4.1% versus 10.6%, OR 0.64, 95% CI, 0.48-0.87, P=0.001; respectively). Multivariable analysis showed that age and a previous history of TIAs increase the mortality risk. Surprisingly, hypertension is associated with a lower risk, probably because hypertensive patients are treated more aggressively and prescribed cardiovascular protective drugs to lower the total cardiovascular risk. Even after correcting for different variables, BB conferred protection in patients initially discharged with BB hospitalized for ACS in both models (OR 0.37, 95% CI, 0.27-0.50, P=0.001; OR 0.58, 95% CI, 0.41-0.82; model 1 and model 2; respectively) ( Table 5 ). Subgroup analysis showed that BB confer protection to a large subgroup of the following: both males and females, patients <65 years and the elderly, patients with diabetes mellitus as well as nondiabetics, patients admitted either for STEMI or non-STelevation MI, and patients with normal LV function (LVEF >50%) and mild dysfunction (LVEF from 40% and 50%) ( Figure 2B ).
Sensitivity Analysis
We performed sensitivity analysis by conducting a receiver operating characteristic curve analysis. In the first analysis, BB on admission are shown to be good predictors for inhospital mortality, and the area under the curve was 0.69 (95% CI, 0.663-0.723; P=0.015) ( Figure 3A) . In the second analysis, BB on discharge were also good predictors of 12-month mortality; the area under the curve was 0.770 (95% CI, 0.75-0.79; P=0.010) ( Figure 3B ).
Discussion
This observational study demonstrates that BB therapy before admission for ACS in patients without a history of HF and/or HF symptoms is associated with decreased in-hospital mortality, and major in-hospital cardiovascular events such as acute HF, mitral regurgitation, cardiogenic shock, and ventricular tachycardia and/or VF. Furthermore, BB prescription on discharge from ACS is also associated with an increased 12-month survival in patients with normal LV function or a mild dysfunction.
To our knowledge, we are the first to report that BB therapy before admission for ACS is associated with a better in-hospital outcome in the postreperfusion era with mechanical intervention such as with stents. Interestingly, patients on BB had more comorbidities but there were fewer deaths and they developed fewer in-hospital cardiovascular events. This could be because a long-term b-blockade therapy confers protection from mortality, acute HF, and arrhythmias, despite the occurrence of myocardial ischemia. However, patients on BB were more often prescribed statins and clopidogrel. Statins reduce cardiovascular events and improve mortality post-MI on the short term and long term. 11, 12 In a recent analysis of the French registry of FAST-MI (Acute ST-and Non-ST-Elevation Myocardial Infarction), 13 statins were associated with decreased mortality post-MI, even after 5 years from the event. Clopidogrel also confers cardiovascular protection and lowers mortality following an ACS, 14 even in patients not undergoing a percutaneous coronary intervention. 15 Nevertheless, BB conferred protection even after taking into account those variables. ACS indicates acute coronary syndrome; BB, b-blockers; bpm, beats per minute; CI, confidence interval; GULF-RACE-2, Gulf-Registry of Acute Coronary Events-2; HF, heart failure; HR, heart rate; IHD, ischemic heart disease; OR, odds ratio; TIAs, transient ischemic attacks.
Several trials and meta-analyses have firmly demonstrated that BB reduce mortality and rehospitalization in patients with HF. 16 We have also demonstrated that BB therapy in patients hospitalized for acute HF was associated with better inhospital outcome 17 ; furthermore, we have also shown that nonwithdrawal of BB during acute HF is also associated with decreased in-hospital mortality. 18 However, whether BB are associated with improved survival and decreased rehospitalization for HF in patients without a history of HF-which is the case of our study group-or in patients with normal LV function, is not known. In the OPTIMIZE-HF (Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure) registry, BB did not decrease mortality, rehospitalization, or the combined end point in patients with HF and preserved ejection fraction. 19 However, the decreased arrhythmic risk associated with BB therapy has been demonstrated in several studies because BB inhibit the autonomic nervous system, 20 hyperactivation of which could trigger arrhythmias. 21 We also demonstrated that BB on discharge from ACS decrease 12-month mortality. The long-term cardiovascular outcome associated with BB prescription following an ACS is controversial. Although BB were proven to decrease the infarct size and limit the LV remodeling on the short-and medium term, 1, 22 several studies questioned its use in the long term, especially in the past 2 decades when reperfusion and secondary prevention have become a common clinical practice. In the COMMIT (Clopidogrel and Metoprolol in Myocardial Infarction) trial that randomized >45 000 patients with ACS to metoprolol versus placebo, the co-primary end point of decreased mortality was not met, whereas only the risk of reinfarction and VF was decreased at the price of an excess cardiogenic shock. 23 Concordant with those results, BB did not improve mortality in patients with stable coronary artery disease with a prior history of ACS or in those with high cardiovascular risk during the median follow-up of 44 months in the REACH (Reduction of Atherothrombosis for Continued Health) registry. 24 Although the co-primary end point of decreased cardiovascular mortality, nonfatal MI, and stroke was met with BB in patients with a previous MI without HF, included in a post hoc analysis of the CHARISMA (Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance) trial, mortality alone was unaffected over 2 years of follow-up. 25 Our results regarding 12-month mortality reduction are discordant with 2 recent registries of ACS. 13, 26 Puymirat and colleagues reported in the recent analysis of the FAST-MI registry a neutral effect of BB post-MI on mortality at 1 and 5 years (adjusted hazard ratio: 0.77, 95% CI, 0.46-1.30; 1.19, 95% CI, 0.65-2.18; respectively). 13 Likewise, an English and Welsh mixed cohort study of %180 000 patients with ACS but without HF or LV dysfunction on discharge did not demonstrate any benefits of BB on 1-year mortality. 26 However, our results are aligned with 2 recent studies: OBTAIN (The Outcomes of Beta-blocker Therapy After Myocardial Infarction) registry 27 and a retrospective analysis of electronic health records from a healthcare delivery system at California. 28 In the OBTAIN study, BB on discharge from an ACS were associated with a decreased 2-year mortality. 27 Similarly, in the California study, b-blockade therapy reduced mortality in patients with newly diagnosed coronary artery disease post-MI, during the follow-up of almost 4 years.
28
European and American guidelines regarding BB use post-MI are conflicting, especially regarding the duration of the treatment. The American Heart Association/American College of Cardiology 2013 guidelines for STEMI recommend that BB should be used in the long term in patients without HF, unless contraindicated. 29 The 2014 NTEMI suggest that it might be reasonable to prescribe BB in non-HF patients indefinitely (Class IIa). 30 However, in both scenarios, the long term is limited to 3 years according to the 2011 AHA/American College of Cardiology secondary prevention update (Class I), and any therapy beyond 3 years might be reasonable (Class IIa). 31 In the absence of trials in the postreperfusion era, the European Society of Cardiology 2012 STEMI guidelines have switched the level of recommendation of long-term BB therapy from class I to IIa in 2012, 32 and kept the same class in the recently published 2017 guidelines. 33 Interestingly, no specific guidance for the use of BB in patients without HF was published in the 2015 European Society of Cardiology non-ST-elevation MI guidelines. 34 In the light of our results, it might be reasonable to consider BB in primary prevention for high-risk patients-such as those with hypertension and diabetes mellitus-in order to improve mortality when those patients develop an ACS. Nevertheless, replication of our data in other registries and doing a randomized clinical trial are mandatory before any formal recommendation.
We acknowledge the presence of several limitations. First, this was an observational study and not a randomized controlled trial that compared BB versus placebo in patients with ACS and no HF or LV dysfunction. LVEF on admission for ACS was missing in many patients, many of whom were hospitalized for a cardiovascular event for the first time; thus, we relied only on the medical history of HF that was collected by investigators and/or symptoms of HF on presentation for ACS. Hence, selection bias is possible as we could have included in our analysis patients with reduced ejection fraction who have never been diagnosed with HF, or excluded patients with HF and preserved LVEF. Although patients in the BB group had more extensive disease on cardiac catheterization, we cannot generalize that finding to patients who did not have that procedure, knowing that they represent the majority of the cases. Additionally, we included in our multivariable models all possible predictors of ACS mortality, but we cannot exclude the existence of other possible parameters that were not recorded by investigators of this cohort. The study population consists of Arabs; thus, these findings may not apply to other ethnic groups. Finally, there was a lack of information regarding BB type, dose, and the duration of the therapy. We recognize that all of those factors are confounding and could have influenced the outcome.
Conclusions
Our results suggest that previous b-blockade therapy in patients admitted for ACS without a history of HF and/or HF symptoms on admission is associated with decreased inhospital mortality, ventricular tachycardia and/or VF, congestive HF, and cardiogenic shock. Moreover, BB on discharge are also associated with decreased 12-month mortality in patients with normal LV function or mild dysfunction.
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